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The Densmles ot Vlsual Blnary Stars.
On the baSLs of certain relations between the orbltal elem-'
ents, and the surface brightness (estimated from the spectral
type), densities of visual binaries have been computed by Opik?,
and later by Bernevitz2. ~At present the data referring to the
orbital elements of -double stars, and especially our knowledge
of the relations between spectra, luminosities, and colours of the
stars is much more complete than at the time of these early
investigations; there are also numerous . direct determinations
~ of stellar colours at our disposal. Thus it appeared advisable
to repeat the investigation, on the basis of the more complete
data available at present.

1. The Methods.

Let o denote the density, u the mass, E the radius. of a
star; we have -

e __ u [BO
&= L. (B (1).
By setting o0 =1, uo=1, Rp=1, we get
| . - o="l...... 2)
For a binary 5 : . |
' Uy = n—ngm SRR (8); a denotes the semi-

- major axis of the orbit in seconds of arc, w — the parallax,

P — the period of revolution in years; & = £ is the mass ratlo

Uy
" For any star we have |
. — .
R=— VI@ ]9 ...... @,
I 306‘765~ | '
S .2,512mOQ—m (5), and
Ef?_ — (elT—l) :(C}'TQ_l) ...... (6);

m is the apparent Visual magnitude; m@=—26.72; ¢, =14300;

1 E. Opik, Ap. J., 44, 292, 1916. -
2 E. Bernevitz, 4. N., 213, -1, 1921,
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A=10.56 u is the sensitivity maximum of the eye; 7 is the
effective temperature of the star; 7 =5810° (assumed).

The best individual values of T can be got from colour
indices, standardized with the aid of spectrophotometric temper-
ature determinations; values of 7' derived in such a manner
are more accurate than the spectrophotometric values them-

selves3. On the basis of Opik’s data3 we assume

C
F=147 04182 ...... (7),

where C denotes the colour index in a special System 4

Neglecting the member — 1 in'Planc.k"s formula (for the
actual range of temperatures considered here this is permis-
sible), equations (2) to (7) give us: :

log 0, = log —g— log(1+4%)+0.6m —1.71 C,}+0.83 ...... (8),
log 05 = log 1 —log (L 4-1) 4 0.6my —1.71 C,4-0.88 ... .. (82);

o, and o, denote the _densities, my and m, the apparent visual
magnitudes, O, and C, the colours (in the system chosen here)

of the two components of a binary.
g

When no direct determinations of colour were available,
the values of C in (8), (8a) were estimated on the basis of
spectrum and luminosity*. A linear relationship between abso-
lute magnitude and colour was assumed. In estimating the
colours, for stars earlier than FO, H. D. spectra were used when
available; for later stars, the more accurate Mt. Wilson spectra
were preferred 5.

In the case of B and A stars, the surface brightness as
inferred from the colour is probably underestimated, partly on
account of Balmer absorption, partly by other reasons®. There-
fore the true densities of A stars are probably slightly greater
than the computed densities.

3 E. Opik, Ap. J., 81, 177, 1935. -

¢ E. Opik, Publ. Tartu Obs., 27. 1, 1929. The visual magnitude was
assumed equal to the mean of Harvard and Potsdam.

* cf.3, Table II; also 4, Tables 37, 38.

5 Walter S. Adams, Alfred H. Joy, Milton L. Humason, and Ada Margaret
Brayton, Ap. J., 81, 187, 1935; Mt. W. Contr., Nr. 511.
' ¢ E. Opik, Harv. Circ., Nr. 359, 1951. ‘
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2. The Ti O Effect.

A more serious trouble arises in the case of M stars on
account of absorption by Ti O bands, which affect considerably
the visual magnitude, and only slightly the photographic magni-
tude; the colour appears thus “bluer“ than it would be without
T% O absorption; therefore the surface brightness as based on
the apparent colour is overestimated. Fortunately, it seems to
be possible to take into account the Ti O effect in quite a satis-
factory manner. :

~As the photoc"raphlc magnitude (mp) is less 1nf_luenced by
Ti O absorption than the visual magnitude, we may calculate
the true efféctive temperature of a star from

oy = B 10 log T—43.40 .. .. .. 9).

The bolometric magnltude mp, We assume according lo Pettit
and Nicholson?; for m, we take a mean of different determi-
nations, reduced to a certain system+. The constant term of (9)
is determined from K stars of Pettit and Nicholson’s list, in
which case the T% O effect is probably negllglble and the tempe-
rature is given by (7).

After having found the “true“ tempelature of an M star
from (9), the “ideal“ colour, ¢/, can be computed from (7) by
substituting in this equation for T the “true“ temperature; the
T: O correction is then AC=C—C. Table I contains the
results. The -spectra in this table are from Mt. Wilson 2.

As shown by the data, the 7% O effect increases rapidly
with the advancing M spectrum. Fig. 1 represents the depend-
ence of the average 4 C upon spectrum.

Evidently the same correction 4C must be applied both
to the colour, and (with opposite sign) to the apparent magnitude: -
C=0}4A4C\ |
sl ST}
For M stars these corrected (still undercorrected) values
of ¢ and m' were substituted into (8), (8a), in calculating the

densities; the smoothed mean values of 40, as 1epresented by
Fig. 1, were actually used.

7 E. Pettit and S. Nicholson, Ap. J., 68, 279, 1928 ; Mt. W. Conir., Nr. 369.
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: Table I
‘The T¢0 Correction of Colour, 4C.

Star Sp. | mp mp T c c A4 C 4a.C
g And | Mo | 408 087 | 3075 | 192 1174 1018y
Cin 1218 MO | 817 | 578 | 3480 | 156 | 1.36 | 0.20% | 0.14(3)
612 Cyg | MO | 7.70| 531 |3480 | 155 | 152 | 0,03/
« Sco M1 | 306 | —096 | 2780 | 226 | 211 | 0.05 | 0.15(1)
o Coti M2 | 466 | 113 | 2050 | 2.06 | 180 | 0.26) |
o Ori M2 | 2.69 | —1.31 | 2790 | 2.25 | 198 | 0.7 |
n Leo M2 | 6.64 3.40 [ 3060 | 1.94 | 1.82 | 0.12( 0.95(6
Boss 2935 M2 | 904 | 580 | 3060|194 | 145 | 049f | 0-25(6)
B Peg | M2 | 427 | 065 | 2920 | 2.09 | 1.80 | 0.29 ]
55 Peg M2 | 640 | 340 | 3170 | 1.83 | 1.74 | 0.09)
7 Gem M3 | 539 | 196 | 2850 | 217 | 170 | 047
« Gem M3 | 4.85| 1.02 | 2850 | 217 | 1.73 | 044\ | 048(3)
§ Vir | M3 524 159 12000 | 211 [ 159 | 052
o Per M | 512|101 | 2750 | 230 | 145 | 0.85)
51 Gem M4 | 693 | 267 2700 | 236 | 1.71 | 065! | 0.70(3)
13 Sge M4 | 726 | 3.2 | 2740 | 2.31 | 1.71 | 0.60 |
56 Leo M5 | 748 217 | 2500 | 265 | 122 | 143
o« Her A M5 | 4.99 | —0.47 | 2390 | 2.83 | 157 | 1.26% | 1.32(3)
R Lyr M5 | 555 | ©0.92 | 2600 | 250 | 1.22 | 1.8
o Coti A max. | M6e| 480 014 | 2500 | 252 [ 117 | 1851 | | o0
45 Ari . M6 | 7.05 | 202 | 2495 | 2.66 [ 1.07 | 159§ | 17

3.  The computed Densities.

Table Il contains the results of the computations of den-
sities. If separate components are not mentioned, the computed
density refers to the brighter component. The subsequent co-
lumns give: (1) the p. @. C. (or I. R. C.) number; (2) the name
of the double star; (8) the Mt. W. spectrum when available
(the Harvard spectra are in parentheses); (4) the visual magni-
tudes®; (5) the assumed absolute magnitudes8; (6) the differences
in brightness of the components®; (7) the mass ratio, % (directly
- determined values are printed in italics?; the remaining values
are according to Eddington’s mass-luminosity relation); (8)

8 The values for M are taken from5 when available ; the corrected mean
values for m and:4m, given by Opik in Publ. Tartu Obs., 25.6, 1924, are used ;
according to Kuiper, for some close pairs the corrections used by Opik are
insufficient (undercorrected) for large differences of magnitude; this circum-
stance, however, has little influence upon the present statistical material. As
to absolute magnitudes, when not in5 they were estimated from dynamical
parallaxes.

9 From R. Huffer’s list in 4p. J., 80, 269, 1934.
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Table II.
The Densities. An asterisk refers to the Remarks.
Ne Star Sp. m | M |{dm| k a P C |log o
12755 |> 3062 A| G3 | 6.5| 45| 0.8] .85| 17.44 [106 0.50| 0.01
. , Bl G8 | 73] 53 0.61| 0.19
21 >2 | (A3)| 68|20 03].93]| 0.715275 0.05 |—0.77
104 Ox 4 | F7 | 82| 34(0.7|.85| 0 .41 |108 0.39 |—0.41
0b 27 | By Tuc | (A2) | 49| 1.9| 1.0| .74| 0 .48 | 41.3 |—0.03|—0.60
314 13 Ceti | F7 56| 4.2| 0.7 .85| 0 .247| 6.89| 0.36|—0.19
335 g 395 | G7 63| 54| 0.3{.93| 0.66 | 25.0 | 0.56| 0.03
374 0z 18 | F6 7.7| 3.4|2.1|.66| 0 .96 {183 | 019| 0.32
426 |y Cas A| F9 | 3.7| 4.8|3.7|.32/12 .21 [508 | 0.41| 0.08
» , B| MO | 74| 80 1.34| 0.02
410 3232 | (F5) | 87| 46| 0.2].95]0 .368/ 91.2 | 028 0.06] 1.
479 03 20 | (A0) | 6.1] 2.0|06].79| 0 .57 |16 |—0.12|—0.72 0.
482 >73 |- Kt | 61| 23|05].88]1.01 (115 0.98 |—1.57 | 0.
825 B 1000 | (G5) | 7.2| 6.7| 4.4| .43| 0 .173| 4.56| 0.55| 0.45| 2.
1h 37 |p Eri A | (G5) | 6.0| 7.6| 0.0/1.00| 8 .025|219 0.37| 1.5333.
, (G5) | 6.0| 7.6 , 0.37| 1.53|33.
1015 | 186 | F9 | 6.8| 44|0.2|.96| 1 .15 |136 0.37|—0.10 | 0.
1036 | g 513 | (A3) | 4.8| 1.5|2.1(1.00| 0 .66 | 63.3 | 0.11|—0.92| 0.
1070 |y And B| (A0) | 54| 1.6| 1.4| .70 0 .346| 55.0 |—0.11|—0.82 | 0.
. C|(A2)| 68| 28] —0.03|—0.29 | 0.
1144 | > 228 A| F2' | 6.4/ 3.3/.0.8] .831 0 .917/150 0.26—0.51 | 0.
» , Bl (F3) | 72| 4.1 0.28 |—0.13 | 0.
1471 | g 524 | (FO) | 58| 1.2/ 0.6/ .85/0.16 | 33.3 | 0.33|—1.96
1761 | 412 | (A2) | 6.6] 1.0| 0.2 .95| 0 .49 [270 |—0.03|—1.24
2007 | = 483 A| G5 | 74| 45| 1.8].69| 1 .77 |135 0.57| 0.55] 3.
. . B| K1 | 92| 63 ' ©0.71] 1.2317.0
2093 | 077 | GO | 81| 3.910.1|.97| 0 472|123 0.46 |—0.54
2109 |o2 Eri B| B9 | 9.7|11.1] 1.3| 45| 6 .894[248 |—0.17| 4.51 3‘“’00%r
) . C| M5 | 11.0[12.7 1.45 |—0.52
2134 | 079 |- F6 | 7.1| 38| 1.8|.68| 0 .57 | 88.9 | 0.40|—0.44
2154 |OX82 A| F8 | 7.6| 8.7 1.1|.78| 1 .72 |487 0.41 [—0.23
.. B Gl 87| 44| 0.46| 0.24
2159 | p 774 F2 | 63| 32|06|.84| 0 .521} 649 | 0.26|—0.57
2187 | p1185 | G5 | 82| 4.8|0.6| .87/ 0 .25 | 28.9 | 0.36| 0.13
2230 | X554 | (FO) | 5.8| 2.2| 23| .45| 1 .036/148 0.08 |—0.28
2381 g 883 | F7 7.7| 8.7/ 0.0/1.00| 0 .19 | 16.6 | 0.30| 0.03| 1.
2383 | B 552 | F5 6.8 3.3|33| .48/ 0 .56 | 86.0 | 0.12|—0.09| 0.
2535 [0X 98 A| F2 | 59| 26| 06| .83 1 .22 (190 0.19|—052 |
, Bl (A2)| 65| 32 ‘ —0.03| 0.14
2597 |[CapellaA| GL | 0.7] 0.1 0.4 .79] 0 .054 0.29| 0.75|—3.00
" . Bl F5 | 11| 05 0.39 |—2.25
3291 B 895 | (A3) | 7.8| 3.3|0.0(1.00| 0 .255 45.7 | 0.05| 0.03
3474 | 0X 149 | G2 | 7.0| 42| 25| .58| 0 .77 (103 0.50 |[—0.40
3596 |[Sirius A | (A0) |—1.6| 1.2[10.0| 47| 7 .57 | 50.0 | 0.05|—1.14’
, B| FO | 84[112 0.16| 4.34(21800*
[65 | (F5) | 68| 48| 02| .96| 0 .315 16.5 | 0.28| 0.20
3876 |= 1037 Al F6 | 7.1 3.7)02] .97 0 .87 |120 0.331—0.11
" " Bl F5 73! 3.9 ‘ 030 0.05
4122 |Castor A| (A0O) 2.0/ 1.6| 0.8] .79 6 .57 (478 |—0.08 |—1.00
" » B, (A7) 2.8| 2.4 1 0.101—0.92
14187 ! Procyon! F3 051 8.1112.01 .351 4 26 | 40.2 | 0.281—0.80
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Table II. Continued.

Ne Star Sp. M | dm a P "C |log o 0
4310 | p101 | G2 (58| 48|06 07.69 | 23.3| 0.46| 0.03]1.07
4355 | 03185 | F6 |7.1 | 3.7| 0.3 0 .35 | 59.6| 0.23|—0.510.31
4414 581 | K2 |87 5.6/0.0 0 .38 | 44.0| 0.82]—0.20]0.63
4477 |g Can A | F7 |56 | 36|06 0 .874| 57.9| - 0.52|—0.67 | 0.21 -
4771 eHya | F8 |88 | 07|15 0 .23 | 15.3| 0.71|—2.52|0.0030
4023 | g, U Ma | F4 |49 | 35|33 4 .76 470 | 0.35|—0.310.49
5005 | 3121 | K4 |79 | 6.3]0.3 0 .669| 34.0] 0.96| 0.06]1.14
5103 | o Leo | F8 |59 | 38|09 0 .844/117 | 0.49|—1.08|0.083
9n40 | w Arg | (F5) [3.6 | 23|20 0 .914| 34.9| 0.30|—0.890.13
5223 | ¢ UMa | (A2) |52 | 1.3]0.2 0 .343(113 |—0.09 |—1.68 | 0.021
5235 | A.C.5 | (A2) |57 | 1.2] 04 0 .41 | 72.8/—0.03|—0.850.14
573¢ |& UMa A| GO 144 | 43|05 2 52 | 59.8| 0.44| 0.20|1.58
i , B| GO |49 | 46 0.42| 0.21|1.61
5765 | > 1536 A, F4 |4.1 | 2.6| 2.7 1.92 (183 | 0.22|—0.96|0.11

, ., B| F5 (68| 3. » 0.30| 0.27/1.85
5805 | 0> 234 | F1 |8.1 | 32|04 0 .347| 84.7| 0.25|—0.24|0.57
5811 | 0x 235 | F4 |57 | 35| 14 0.78 | 71.9] 0.29|—0.52(0.30
5951 8794 | F7 [71] 35|13 0 .34 | 63.1] 0.39(—0.82]0.15
6028 | > 3123 | F5 7.8 | 30|02 0 .22 [103 | 0.31|—0.82]0.15
6158 | = 1639 | A5 (6.6 | 1.9| 1.2 1.00 |361 | 0.06 | —0.66|0.22
12h61| 5y Cen A | A0 |3.1 | 04/ 0.0 -1 .924203 |—0.26 |—0.92]0.12

\ , A0 [3.1| 04 —0.26 |—0.92 | 0.12
6243 | y Vir A | FO 3.7 | 28] 0.0 3.62 [178 | 0.221—0460.35

, , BJ| FO |87] 29| 0.22|—0.46 | 0.35
6406 |> 1728 A| F4 |52 | 36| 0.1 0 .665 259 0.15| 004|1.10

” ., B| F5 [53| 87| 0.17| 0.09|1.23
6524 |0X 269 A| A5 |7.3| 21|05 0 .325| 48.8] 0.06| 0.00|0.99
oy ., B| A7 |78 26 0.10| 0.17|1.47
6530 | 1757 | K1 |7.7| 6.0] 1.1 1.78 244 | 0.73|—0.0710.85
6566 | = 1768 | (F0O) {5.1 | 22| 2.0 1 .205220 | 0.04/—0.82 0.15
6578 B 612 | (F2) 163 | 15/ 0.1 0 .225| 23.0 0.21|—0.70.0.20
6641 |> 1785 A| K6 [7.9 | 7.0| 04 2 47 (151 | 113 0.181.52

. , B| K6 |83| 74 1.10| 0.432.68
6711 |p 1270 A| F5 (85| 3.0/ 0.1 0 .21 | 38.1| 0.31(—0. 0()|081,

. , B| F5 |86 3.1 ' 0.0 |—0.03 | 0.94
6780 | = 1819 | F7 |78 | 4.1 0.1 1.11 (142 | 0.37 0.41]2.58
6832 | > 1834 | (F8) |80 | 39/ 0.1 093 1296 | 0.32|—0.25 0.56
6842 | g1111B | F2 |73 | 3.0| 0.1 0 .235| 40.5] 0.26 |—0.64.0.23
6913 .| A 570 | (A2) 6.6 | 2.0| 0.2 0 .202| 28.4 —0.03 |—0.43 | 0.37
14h59| o Cen A | G4 |03 | 48|14 17 .66 | 80.1| 0.44|—0.06 | 0.87

. BJ| Kb |[1.7] 6.2 1.05|—0.35 1 0.45
6955 | ¢ Boo A | (A2) [45 | 21]03 0 .62 {130 |—0.08|—1.480.033

. . B|(A2) (48| 24 —0.08|—1.31 10049
6999 | 1879 | G1 |7.6 | 45| 1.0 0 .789(178 | 0.49|—0.51  0.31
7001 | Ox 285 | F5 |7.7| 32|05 0 .33 | 88.5; 0.30|—0.68 | 0.21
7034 | §Boo A | G5 |48 | 53|20 4 87 (151 | 062| 0.06!1.15

. , B| K5 |68]| 69 1.01| 0.583.78

7120 |Z 1909 A| G1 [53.| 45| 0.7 3 .58 [205 | 0.50|—0.010.98

” , Bl G2 |60 5.2 0.44| 0.2911.93
7251 | 1937 | F9 |56 | 4.1| 05 0 .89 | 41.6] 0.38|—012!0.75
7259 | wBooB | GO (7.2 | 45|05 1.30 224 | 0.51|—0.36,0.44
150 55| » Lup A | (B3) |3.6 |—0.5| 0.2 0 .78 [104 |—0.27 |—1.19|0.065

» ., Bl (B3) 138 '—0.3 —0.27 1—1.1110.078
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Table II. Continued. N
Ne Star Sp. m | M |dm| k a P C log o 0
: [
7322 | 0= 298 | K4 | 74| 63|03 93| 07.88 | 56.7 | 0.96—0.34 |0.46
7368 |y Cor Bor | (AO) | 4.0| 0.4] 2.5(2.03]| 0 .62 (101 |—0.19 |—1.55|0.028
7416 | m, UMi | FO | 7.3| 25| 1.0| .78! 0 .42 [115 0.12!—0.49 | 0.32
7487 | £ Sco A | F4 | 48| 3.0/0.2| .94]0.72 | 447 | 0.201—0.660.22
. , B| F5 | 50| 8.2 0.30 |—0.66 | 0.22%
7563 |¢CorBorA, F6 | 5.8| 3.7 0.9| .92| 6 .00 {900 0.32|—0.10]0.80
- , Bl Gl |6.7]| 4.0 , : 0.48| 0.17|1.48
7561 32026 | K6 |9.4| 7.2| 05| .88[1.53 215 | 1.12] 0.17]1.48
7642 > 2052 | K2 | 7.7| 5.7]0.0|1.00| 2 .87 318 0.79| 0.17 | 1.47
7649 2 Oph | (AO) | 4.1|.1.0] 1.4|1.00| 0 .94 (135 |—0.08|—1.21 |0.061
7717 ¢ Her GO | 3.1] 3.7(81(1.04|1 .35 | 345 | 0.48|—1.12|0.075
7748 D15 ' K6 |89 7.0/ 02| .96| 0 .935126 1.121—0.33|0.47
7783 2107 F5 | 6.7| 35| 15| .69| 0 .783[154 0.30 |—0.59 | 0.26
13364 | Hu 1176 | (A5) | 6.1| 2.1| 0.0{1.00| 0 .16 | 155 | 0.06 |—0.68|0.21
170 31| Lac 7194 | (KO) | 5.6| 6.5| 2.8| .58| 3 .50 |101 0.70 | - 0.422.62
7929 8 416 K> | 59| 7.0 20 .75|1 .83 | 422 | 1.007,—0.05|0.90
7936 03 327 | F4 | 85| 35| 0.3| .93| 0 .26 | 88.0 | 0.29;—0.490.32 -
8038 | 2173 | G6 | 6.0] 48| 02| 97| 1 .06 | 460 ;: 057|—0.08|0.83
8099 2 962 Gl | 53| 42| 45| .89 1 .51 |80.6 | 047,—0.38(0.42
8162 | w Her B | M3 [10.2[10.2| 0.6|1.00| 1 .30 | 43.2 | 1.34| 0.31]2.06%
8303 |z Oph A | F3 | 53| 25|0.7| .83| 1 .307/1224 | 027|—1.07|0.085
” : . B| F3 |6.0| 3.2 , 0.27—0.7210.19
170129] h 5014 A | (A3) | 5.81 2.6| 0.0/1.00| 1 .14A[180 0.051—0.43|0.37
o ., B (A3) | 58] 26 0.05|—0.43|0.37
8340 |70 Oph A| K1 | 4.3| 59| 1.7/1.00| 4 56 | 89.1 | 0.79|—0.170.68
» ., B| K6 |6.0] 7.3 1.11| 031{2.04
8353 | 0> 341 Gl | 79| 36|09 .81/0.30|198| 0.51| 028|1.89
8372 99 Her F5 | 52| 41|39 .43/1.03]560 | 0.29|—0.16 |0.69
8380 > 2281 | (F2) | 6.0! 1.71 1.2| .71 | 1. 33 |424 0.24 |—1.0910.081
8679 A8 A | F8 ! 71| 39]03! .9310.176| 12.1 | 0.40|—031]0.49
» ., B F8 | 74| 42| 0.39 |—0.15|0.71
8933 £ 648 | GO | 53| 4.6|38.0| 54| 1.24 | 61.8| 0.37|—0.11{0.77
8966 > 2438 | (A2) i 6.7| 1.3] 0.6| 81| 0 .53.[233 |—0.03|—0.92|0.12
8965 ¢ Sgr | (A2) 33| 1.5| 04| .87| 0 .565| 21.2 |—0.07 |—0.85|0.14
180113y CorAuA; F7 | 50 3.6/ 0.0/1.00| 2 .14 (125 0.38 [—033|0.47
» ., Bl F7 |50]| 35| 0.38 |—0.33 | 0.47
9114 Se 2 B KO | 87| 55| 0.0/1.00| 0 .40 | 58 0.68 |—0.14 [ 0.73
9319 > 2525 | F9 | 85| 38|02 95| 1 .205355 0.44| 0.03|1.07
9605 6 Cyg | (A0) | 8.C| 05| 44| .35| 2 .12 |321 |—0.27|—1.17 |0.067
9643 ¢ Sge (A2) | 55| 22|06 83| 0 .32 | 252 |—0.12|—0.21 | 0.61
9650 0> 387 F2 | 7.1| 34| 04| .91| 0 .566[128 0.26 |—0.58 | 0.26
9979 03 400 | G4 | 75| 46] 1.0| .80| 0 .428/ 844 | 0.54 |—0.820.15
10363 | g Del F3 | 40| 26| 13| .69 0 48 | 26.8 | 0.31|—1.35|0.045
10559 | 3 2729 F3 | 6.4| 3.1] 0.8 .81| 0 .695/152 0.27 [—0.900.13
10643 | ¢ Equ FO | 60| 29| 05| .86| 0 .61 | 97.4 | 0.835,—1.06|0.087
10732 |61 Cyg A| K6 | 56| 7.7/ 0.7(222(32 .8 (756 | 1.16| 0.49|3.08
” Y MO | 6.3 8.6 ' 1.55| 0.48|2.99%
10829 | 6 Equ F3 | 52| 40| 05| .88 0.27 | 570/ 0.42|—0.26{055
10846 | ¢ Cyg FO | 39| 27| 32| .67|0 .96 | 49.2 | 0.29|—1.000.10
11125 | 24 Aqr F7 | 73| 38| 08| .83| 0 .41 | 46.6 | 0.37/—0.19!0.65
11222 | x Peg F2 | 48] 3.0/ 04| .56| 0 .22 | 115 | 0.23|—0.96|0.11
11761 | Kr 60 A | M3 | 9.3/10.8] 1.5| 59| 2 .36 | 445 | 1.34| 0.63|4.92%
” ., B! Ms& 108'123 145" 0.40'92.50%
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Table II. Continued‘.

Ne Star Sp. | m | M Jm‘ k a P C |logo| o
i
11763 > 2912 F2 | 592307 .82{0".72 [136 0.16 |—0.85|0.14
12143 A 417 (FO) | 6.3| 2.8 | 0.0]/1.00(0 .245| 23.8 | 0.16 |—0.550.28
12196 | = Ceph Gl [ 46|05 |3.1| .2910 .92 |178 0.72 |—2.40|0.0040

12290 B 80 K1 | 86|58 |01 98/0.79 | 85.7| 0.74 | 0.26|1.80
12304 | X 3001 G7 | 5.0] 0.7 | 25! .48|2 .81 |177 0.85 |—0.96 | 0.11
12404 | B 1266 F5 | 8438301 .97|0 .22 | 40.0 | 0.30 [—0.11|0.77
12419 | Hu 298 | (F5) | 7.5{ 3.8 | 0.2| .96|0 .242; 30.0 | 0.32 |—0.31|0.49
12696 | Hdn 60 K1 9.2 59| 04| .91{0.50 | 40.8 | 0.73 | 0.70|4.96
12701 B 733 G1 59| 4.7 | 40| .82|0 .82 26.3 | 0.59 | 0.001.01

the semi-major axis1°; (9) the per10d1° (10) the colour index;
observed values?* are in italics (for Ne 7034 and 8340 the observed
colour indices refer.to the combined light of both components:
the colours of the separate components were computed with
- the aid of Table 11 in%); (11) the logarlthm of the density; (12)
the density (sun = 1).

Remarks.

426 (n Cas B). — See table III.

2109 (0% Eri B). — Spectrum by Leonard 11.

2109 (0% Eri C). — See table IIL

3596 (Sirius B). — With Vyssotsky’s mean value m = 7.0 the dens1ty would
be 3150. : _

4122 (Castor) — Since both components of Castor are spectroscopic binaries,
their real surfaces are about one half of the adopted surfaces (assu-
ming equality of both spectroscopic components). Their volumes

are 22 times smaller, their masses one-half of the dynamical mass;

3
1.22
, or

therefore the computed densities must be multiplied by

by V2, to get the true densities. ' We have for each spectro-
scopic component of A, ¢ = 0.14; and for the components of
B, o =0.17.

7487 (§ Sco B) — Spectrum by Leonard 1.

8162 (u Her B). — See table IIL

10732 (61 Cyg B). — See table I.

11761 (Kr 60 A). — See table III.

11761 (Kr 60 B). — Spectrum by Leonard12. See table III.

10 The data in columns (8) and (9) are taken from van den Bos’ “Table
of Orbits“, in B. 4. N,, 8, 149, 1927, and supplemented by a few more recent
determinations.

11 Fr. C. Leonard, Lick Obs. Bull., 10, 169, 1923,

12 Fr. C. Leonard, Publ. A. S. P., 39, 362, 1927.
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4. The Densities of Red Dwarfs.

~ An unexpected result is obtained by computing the densi-
ties of the class M dwarf stars. A wide-spread opinion among
astronomers is_that the M dwarfs must have the greatest densi-

ties along the normal dwarf branch. Our computations show

i
st i
HH i
i B
ﬁ nlrﬁﬁ H
Sy

FrEeyza=s

_The observed T@ O correction of colour as function of spectral type. 'Abscissae,
spectral type, with numbers of individual stars in parentheses; ordinates, the
Ti O correction of colour index.

that this opinion is not well founded. The 7T: O correction
brings the densities of the red dwarfs from tke abnormally high
values down to the “normal“ densities of other dwarfs. Thus
these stars c¢annot be counted with the dense, or “white“ dwarfs
any more. On the contrary, their densities come out on the
average even smaller than those of some other groups of dwart
stars, as shown by Fig. 2, and by Table 1V below. Table II{
contains a comparison of the corrected values (¢') with the un-
corrected densities (¢). Columns (6), (7) and (8) give the 7% O
correction (from Fig. 1), the corrected colour index, and the
corrected “ideal“ apparent magnitude respectively. The differ-
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ence between o and ¢ increases rapidly with the advancing
M spectrum, in agreement with the rapid growth of the 7% 0

effect.
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Density and absolute magnitude. Abscissae, absolute magnitudes; 0rd_inates,
logarithms of density.

Table IIL

Densities of MDwarfs corrected for T 0 Effect (o),
as Compared with the Uncorrected Densities (o).

Ne Star Sp. m 1 C | 4C (04 m . 0 o
426 n Cas B MO 7.4 1.34 ‘ Om, 08| 1.42 7.32 1.64| 1.05
8162 | wHer B | M3 | 102 | 134 |0 48| 1.82 | 9.72 | 265 | 2.06
"111761 Kr. 60 A M3 9.3 1.34 | 0 48| 1.82 8.82 | 545 | 4.22
11761 Kr. 60 B ‘M4 10.8 145 | 0 .79 2.24 | 10.01 {165 2.50
2109 o2 EBriC | M5 | 11.0 | 145 |1 .17| 2.62 | 9.83 |150 0.30

| It must be remarked that the l<n6Wledge of the exact
w spectral subdivision of a red dwarf is of very great importance
\ : . .
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for our purposes, on account of the rapid change of A4C with
spectrum. Therefore a slight error in the spectrum produces a
much greater error in the assumed “true” colour index, conse-
quently in the density also.

5. Statistical Discussion and Mean Densities.

~ Fig. 2 represents the correlation of luminosity and density.
Up to the value M =5 a general increase of density with

LI ‘,(“: il -} e gzt :

H
s Eﬂ':"."rﬂ:rdIEEEn. =

Hba e

HHEE TR : e o g [

Frequency of density logarithms of the brighter components. Abscissae,
log ¢; ordinates, observed frequency.

decreasing luminosity is noticeable. For stars of lower lumi-
nosity the luminosity — density curve seems to be split into
two branches, one leading to the white dwarfs, the other
“to the red ones. The first six dots from the left of the figure
are: above, the white dwarfs Sirius B and o® Eridani B; below,
~the M dwarfs Krueger 60 4 and B, u Herculis B and 0?
Eridani C.

Fig. 83a and 8b represent the flequency of density loga-
rithms: 8a, of the brighter components, and 38b, of the fainter
ones. The densities of the latter are, on the average, greater
than of the principal components, a circumstance whlch agrees
well with the general trend of Fig. 2

Fig. 3a may also be regarded as representing to some
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’extent the distribution of densities for stars as-a whole, because
the principalcomponents of the binaries probably may be regarded
as a fair statistical sample of our stellar system (observa-
tional selection, of course, playing a certain role). We notice
‘that the distribution of log o is approximately symmetrical, a
circumstance which has been revealed by Opik’s much less

i

.

Frequency of density logarithms of the fainter components. Abcissae, log o;
- ordinates, observed frequency.

complete materialt. As to the question of reality of the gap
between normal and white dwarfs, revealed by Fig. 8a and 3b,
it can be decided only on the basis of a material at least twenty
times more abundant than ours.

Table IV gives the relation between spectrum and density.
for the normal dwarf stars. In agreement with the character
of the density distribution as revealed by fig. 3a, b, logarithmic
mean densities were computed. The fourth column of the table
gives the probable error of the mean density logarithm, compu-

ted from =+ V — -, where 4, denotes the probable deviation of
the dens1ty logarithm from its mean of the given spectral clacs

From all spectra together we found AO_-+ 0.674 V(y yp

=== 0.286, where % is the number of separate groups, 4 — the
individual deviation of log ¢ from the mean of the group. The
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maximum observational error in loge as computed from (8),
(8a), may be estimated as dy= ==}/ A2+ A2+ (0.6 Aw)*(1.71 4c)%

‘where 4, is the p. e. of log %Z, Ay — the p. e. of log (1-4%),

Ap — the photometric error in visual magnitude, 4. — the p. e.
of colour. We assume: 4,=::0.129 (corresponding to p. e.
+ 10 per cent in a); dn=7+0.2; 4.=+0.05; Ax=+0.02. This
gives us A4,=+0.197 and the cosmic spread in log o. for a given
spectral group and for normal dwarfs 4 =+ )/0.2862— 0.197% =
= +0.207, or a probable deviation in the ratio of 1,61:1.

Table IV.

Relation ot Spectrum and Mean Density for the
Normal Dwarf Branch.

S log - 4o
So. 0 ) — n
p . J Q | s _ V "

B3 —1.15 0.071 +0.20 2
A0—A2 —0.91 0.12 {1 40.06 21
A3—AT —0.46 0.35 +0.09 10
FO—F3 —0.70 -.0.19 +0.06 24
F4—F6 —0.24 0.57 + 0.05 28
F7—G1 —-0.21 0.61 +0.05 31
G2—G6 +0.25 1.77 +0.08 13
G7—K1 10.27 1.87 +0.10 9
K2—K6 -+$-0.09 1.23 +0.08 13
MO—MS5 | +40.22 | 1.66 +0.12 6

The data in Table IV indicate a more or less steady increase
of the density with advancing spectral type of the normal dwarf
branch until the class K is reached; remarkable is here, how-
ever, the relapse -of density for Fo—F3, perhaps due to an in-
sufficient separation of giants and dwarfs in this group. From
K dwarfs on, the mean density appears to be constant, within
the limits of accidental statistical fluctuations.  In conclusion,
it may be noticed that an attempt to find, on the basis of our
material, any relationship between the densily and period, or
excentricity of a double star gave no positive result.

6. The Mass-Luminosity Relation.

The red dwarfs, used by Eddington?® in his mass-lamino-
sity diagram showed a slight systematic deviation from the

13 A, S. Eddington, M. N., 84, 308, 1924,
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~theoretical curve. The absolute bolometric magnitude of these
stars is evidently underestimated by the theoretical curve. At
present we may obtain more accurate estimates of the theore-
tical, and the true absolute bolometric magnitudes of these
stars, using the photographic determination of mass, given by
Huffer®, and the 7% O correction, derived in this paper. Table V'
contains the results of this computation.

_ ~Table V. |
Comparison of Observed and Theoretical Abso-
lute Magnitudes of Red Dwarfs.

Star - Sp. T mass | M vis. MBol Mealc - 0—C

- u Her B| M3 3180 0.44 9.51 8.03 8.78 —0.75
Kr 60 A | M3 3180 0.25 10.75 9.27 11.41 —2.14
Kr 60 B | M4 2800 0.14 11.94 9.85 14.29 —4.44
2Bri C| M5 2520 0.20 10.30 7.70 12.67 | —4.97

The temperature was computed from formula (7), by using
the corrected colour indices, given in Table III. For the abso-
lute visual magnitude we used the same values of the trigono-
metric parallaxes as used by Eddington 3, and the.corrected
apparent magnitudes from Table III. The column Mg, gives
the absolute bolometric magnitude derived by applying Edding-
ton’s correction* to the corrected absolute visual magnitude.
M., is deduced from the mass, according to.Table I in13, the

temperature term —A'zloggz%(being added. The last column

contains the residuals (observed — calculated). As follows from
the data, the systematic deviation from the theoretical curve
is for the red dwarfs much greater than one could expect,
making almost linear the empirical relation between log mass
and absolute magnitude. '

~ Tartu, May, 1935.

14 A, S. Eddington, M. N., 77, 605, 1917.
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